Since Wolff and Israel (1891) first isolated Actinomyces bovis in pure culture, only a few reports have appeared concerning the antigenic coml)osition of this organism. Most of the past research has been directed toward the separation of different strains or serological groups of A4. bovis on the basis of agglutination reactions or fluorescent-antibody studies (Colebrook, 1921; MIagnusson, 1928; Aoki, 1936; Erickson, 1940; Slack et al., 1955; Slack, Winger, and Mloore, 1961) , rather than toward characterization of antigenic components of single strains. Goyal (1938) prepared complement-fixing antigens by methanol extraction of unemulsifiable cells from strains of Actinomyces, but the organisms were not identified as to sl)ecies or growth requirements. King and Meyer (1963) recently described precipitating antigens of Actinomyces species prepared from supernatant infusion broth culture fluids by acetone precipitation in the cold. -Multiple precipitin bands were produced in agar-gel diffusion plates when antigens of Actinomyces species were tested with homologous rabbit antisera. A. israelii was found to be serologically distinct from A. bovis, but A. naeslundii shared a common antigen with both of these species.
Preliminary studies (W1eigel, 1960) butanol-pyridine-water, 6:4:3 (Chargaff, Levine, and Green, 1948) ; phenol saturated with water (Partridge, 1948) ; butanol-ethyl alcohol-acetic acid-water, 100:50:10:20 (Kwapinski, 1960) .
Sugars were located on chromatograms with aniline-trichloroacetic acid (McCready and McComb, 1954) , and with the alkaline AgNO3 procedure of Trevelyan, Procter, and Harrison (1950) modified so that a dipping reagent of 0.5 N KOH in equal parts of 95%7, C2H150H and CH3CHOHCH3 replaced a spray of 0.5 N NaOH in 95%70 C2H50H.
Column chromatography. Column chromatography of the antigen was performed with DEAE Sephadex A-50. lt was chosen rather than DEAE cellulose because it has less tendency to contaminate the eluates with soluble carbohydrate impurities arising from partial breakdown of the exchange medium (Huffman et al., 1955) . Before use, the DEAE Sephadex was suspended in distilled water and the fines were poured off. The material was washed with 1 N HCl, 1 N NaOH, and distilled water; CO2 was bubbled through the suspension to a pH of 7.2 to 7.6. Analytical methods. Nitrogen was determined by a micro-Kjeldahl method (Kabat and Mayer, 1961) . Carbohydrates were determined by the phenolsulfuric acid method (Dubois et al., 1956) , and by a modification of this method in which 5 ml of concentrated H2SO4 were added to 2 ml of aqueous solution of the sample, and absorbancy was measured at 290 mi/ (Ikawa and Niemann, 1949) . The primary eysteine-sulfuric acid reaction of hexoses was also employed (Dische, 1955) . All absorbancies were measured with a Zeiss PMQ II spectrophotometer.
Total phosphate was determined after digestion with H2S04 and H202 with a procedure using psemidine as the reducing agent (Dryer, Tammes, and Routh, 1957) .
Assays for sialic acid were made by the thiobarbituric acid method of Warren (1959) .
Tests for esters and lactones were carried out by use of the hydroxamic acid reaction (AbdelAkher and Smith, 1951) .
The carbazole reaction was used to detect the presence of uronic acids in unhydrolyzed polysaccharide fractions (Dische, 1955) .
Assays for amino sugars were carried out after 2-hr hydrolysis with 5 N HCI by a modified ElsonMorgan method (Kabat and Mayer, 1961) , and with a method involving deainination followed by reaction with indole (Dische, 1955) .
Microseale electrophoresis in free solution was performed with the apparatus described by Antweiler (1949) .
The Spinco model E analytical centrifuge was used to test purified antigens for homogeneity and to determine sedimentation coefficients both with the schlieren and ultraviolet-absorption optical systems (Schachman, 1957 (Matson, 1962) , was employed as the diffusion medium, 4 ml per slide. Electrophoresis of antigen was carried out for 40 min at 75-ma constant current prior to the addition of antiserum.
Antigen titration and complement-fixation tests. Titrations were carried out by the block method, reacting increasing dilutions of immune serum against increasing dilutions of the antigen. The complement-fixation test described by Schmidt and Lennette (1955) was employed to determine complement-fixing titers of the rabbit antisera, except that Veronal buffer (Kabat and Mayer, 1961) (pH 5.0) , and fractionated by the stepwise addition of C2H5OH as shown in Table 1 . Fractions P-3 and P-4, which amounted to only onesixth of the total solids of the starting material, contained most of the serological activity. Although the composition of these two fractions was significantly different, no differences in their complement-fixing and precipitating activities could be detected.
Subfractionation uith methanol and calcium acetate. Fractions P-3 and P-4 (Table 1) were each dissolved in 12 ml of 0.5 M calcium acetate buffer (pH 4.9). Further fractionation of each solution was carried out by the stepwise addition of CH30H (Rebers and Heidelberger, 1959) as shown in Table 2 . The resulting fractions were screened for serological activity by testing them in Ouchterlony plates. Only fractions P-3-2, P-3-3, P-4-2, and P-4-3 formed a precipitin line with rabbit antiserum RA 1-4. Fractions P-3-3 and P-4-3 also had complement-fixing activities equivalent to the C2H5OH fractions from which they were obtained. Since fractions P-3-2 and P-4-2 were not completely soluble in water, they were not included in subsequent experiments. The fractions which were inactive with antiserum RA I-4 did show slight precipitin activity with Slack's group D antiserum.
Subfractionation of P-3-3 with methanol and zinc acetate. A 36-ml amount of a 0.5 M solution of Zn(C2H302)2, pH 5.9 (Rebers and Heidelberger, 1959) , was added to 154 mg of subfraction P-3-3. On the addition of 59 ml of CH30H, 13 mg of precipitate, P-3-3-1, were obtained; an additional 40 ml of CH30H precipitated 68 mg, P-3-3-2. The latter formed a precipitin line and reactions of identity at a concentration of 1 mg/ml with antisera RA I-4, S-V, and Slack's group D, but not with Slack's group C (Fig. 1) . Precipitate P-3-3-1 was serologically inactive under the same conditions.
Column chromatography of partially purified and crude fractions. A 56-mg amount of subfraction P-4-3 was dissolved in distilled water and added to a column (8 by 24 P-4-3-DEAE, was the only one that formed a precipitin line in a concentration of 1 mg/ml with antiserum RA I-4 (Fig. 2) .
A 222-mg portion of crude fraction P-2 was fractionated on DEAE Sephadex A-50 in a similar manner, except that 1.5 M NaCl in 0.017 M CH3COOH was used in addition to the other eluants. Inactive material, 178 mg, was obtained with all eluants up to 1.5 M NaCl; 11 mg of active material (fraction P-2-DEAE) were eluted by the latter eluant. The active material at a concentration of 6 mg/ml formed four precipitin lines with Slack's group D antiserum but only one with antiserum S-V (Fig. 3 and 4) . It is obvious that these two antisera differed in potency and perhaps in specificity. However, when Slack's antiserum was diluted 1:3 it also yielded only one precipitin line. Results obtained from column chromatography of a second 200-mg sample of P-2 corroborated the initial findings.
About 10 mg of subfraction P-3-3-2 had the same elution characteristics from DEAE Sephadex A-50 as crude fraction P-2.
The elution pattern of fraction P-4-3 which required 0.15 M NaCl and the two other fractions which required 1.5 M NaCl for elution is comparable to the gradient-elution chromatogram of bovine vitreous humor on DEAE Sephadex A-50 (Berman, 1962 (Fig. 5a ). This same fraction was also run at pH 2.1 in an HCI-KCI buffer of 0.1 ionic _iN 29t, ! +j strength, but the p)eak failed to move with ecetrophoresis under these conditions (Fig. 5b) Fractions P-3-3-2 and P-4-3-DEAE were subjected to ultracentrifugation to test for FIG. 3 . Precipitin reactions between Slack's homogeneity and to determine their sedimentag0oUp D antiserum and four different concentrations tion coefficients with the schlieren optical system. of the 1.5 M NaCI eluiate from column chromatogra-N'o evidence for heterogeneity of P-3-3-2 could be phy of fraction P-2 on DEAE Sephadex A-50. detected by this technique (Fig. 6 ), because only Central well, Slack's grouip D antiserum. Outtet a single symmetrical peak could be seen at any wells: (1) 6 mg/ml; (2) 1 mg/mi; (3) 0.5 mg/mi; time during the run. Only a single symmetrical (4) 0.25 mg/nil. FIG. 5. Electrophoretic patterns in free solution Fraction P-4-3-DEAE which was eluted with the of Actinomyces bovis fraction P-3-3-2 at two pH lower concentration of N\aCl also had the lower levels: (a) migration at pH 7.8; (b) no migration sedimentation coefficient (Table 3) . at pH 2.1. as well as specific rotations, were significantly different (Table 3) .
The absorbancy of both fractions at a concentration of 1 mg/ml in distilled water was measured between 230 and 300 mg, in 10-m,u increments. A plateau was observed in both cases at 240 to 260 m,u, and a sharp increase below 230 m,.
Since the antigen fractions absorbed in the ultraviolet region, a further attempt to detect heterogeneity in fraction P-3-3-2 was carried out in a model E Spinco centrifuge with an ultraviolet-absorption optical system. No evidence for heterogeneity was observed because the same sedimentation coefficient was obtained as with schlieren optics.
Stability of crude and purified antigens. No detectable change in the serological activity of crude antigen precipitated with C2H50H occurred after autoclaving for 20 min at 121 C, or after storage for 2 years at 4 C and pH 7.2. Fraction P-3-3-2 retained its serological activity after 4 days at 22 C in 0.01 M phosphate buffer at pH 8.7. After heating at 80 C for 1 hr at pH 2.6 in 0.01 N H2SO4, most of the activity of P-4-3-DEAE was lost, and all activity was lost in 0.1 N H2SO4 at pH 1.6. Material balances before and after fractionation and dialysis of the purified antigens suggested that a portion of the product slowly dialyzed through Visking casing.
Chemical analysis of serologically active A. bovis fractions. Inasmuch as retention of the antigen fractions by DEAE Sephadex, an anion exchange polymer, as well as data on electrophoretic mobility, were indicative of the presence of carboxyl groups, tests were performed on fractions P-3-3 and P-4-3 for uronic acids with the carbazole reaction. Neither fraction gave the typical pink color characteristic of hexuronic acids. Examination of the wavelength absorbancy curve also failed to show any evidence of a peak at 540 m,u, which would indicate the presence of a uronic acid.
Assay of fractions P-2-DEAE and P-4-3-DEAE for sialic acid according to the thiobarbituric acid method gave no peak at 549 my, but a major peak was observed at 450 m,4 and a minor peak at 524 m,u. Sialic acid (Warren, 1959) and ketodeoxyheptonic acid (Weissbach and Hurwitz, 1959) show absorption peaks at 550 m,, the maximum for deoxyribose being at 530 m,i. A satisfactory interpretation of our results is lacking at this time, but the peak produced by P-4-3-DEAE, which had greater serological activity, was nine times higher than that produced by P-2-DEAE.
A test for esters or lactones by the hydroxamic acid test was negative on fraction P-2-DEAE.
Analysis of fraction P-3-3-2 for total phosphate gave a result of less than 0.01 %.
On the basis of the previous experiments, it may be concluded that the acidic nature of the antigen is not due to the presence of uronic acids, sialic acids, or phosphate esters. However, Vi antigens, which contain 2-amino-2-deoxy-Dgalacturonic acid, also fail to give a test for uronic acids (Heyns et al., 1959) . To test for amino sugars, fractions P-3-3 and P-4-3 were hydrolyzed with 5 N HCl by heating at 100 C for 2 hr. The HCl was removed by evaporation in vacuo, and the residue was dissolved in distilled water. The hydrolysates were spotted on paper and sprayed with ninhydrin. Purple spots characteristic of amino derivatives were obtained in each case. Amino sugars were determined by the Elson-Morgan and Dische methods with glucosamine as a standard. Values of 3 % were obtained with both procedures. Fractions P-3-3 and P-4-3 contained 3.1 and 4.2% nitrogen, respectively ( Table 2 ). The nitrogen as "glucosamine" nitrogen in either case amounted to less than 10% of the total nitrogen. Therefore, unless the material is unusually resistant to, or is decomposed by, hydrolysis, most of the nitrogen is present in some form other than that of amino sugars reacting as glucosamine.
The primary eysteine rieaction of hexoses is useful in determining the amount of pentose, hexose, heptose, methyl pentose, and deoxypentose in polysaccharides. Fraction P-4-3-DEAE had a typical mannose absorption curve 1 hr and 24 hr after the addition of cysteine. A typical mannose absorption curve also was obtained with the phenol-sulfuric method with fractions P-3-3-2 and P-4-3-DEAE (Fig. 7) , except for the anomaly at the lower wavelengths with fraction P-4-3-DEAE. A modification of this reaction without the addition of phenol resulted in a wavelength absorption curve similar to mannose over the range of 220 to 350 m,. No classes of sugars other than hexoses were found by any of these colorimetric reactions. Hydrolysis and paper chromatography. Hydrolysis of fraction P-3-3-2 in 1.5 N H2SO4 at 100 C for 1.5 and 4.5 hr, followed by neutralization with Ba(OH)2 and paper chromatography, showed no differences between the two hydrolysates. Fractions P-3-3-1 and P-3-3-2 gave spots corresponding to mannose and a trace of glucose, and the color of these with the anilinetrichloroacetic acid reagent corresponded to the brown color of the mannose standard rather than to the red of the arabinose standard. As mannose and arabinose yield the same RF value in this solvent system, the run was repeated with the phenol-water system which readily separates the two, and the presence of mannose was again observed. Mannose was also observed in a third chromatogram with the butanol-ethyl alcoholacetic acid-water solvent system. Fraction P-4-3-DEAE was found to contain only mannose.
Extraction of the .A. bovis cells with phenol in the cold (Westphal, Luideritz, and Bister, 1952) yielded an aqueous layer which was also found to contain mannose, a trace of glucose, and a slowmoving unidentified component; this aqueous extract was serologically inactive with A. bovis antisera. Cummins and Harris (1958) (Heidelberger and Cordoba, 1956 were produced per mole of mannose in the antigen after 3 weeks at 4 C; the oxidized product had no serological activity with RA 1-4 antiserum. The serological and chemical data may be interpreted as indicating the presence of mannose joined in some combination of 1-2, 1-4, or 1-6 linkages, or possibly as end groups in the antigen.
Immunoelectrophoresis of fractions P-2-DEAE and P-4-3-DEAE. Single arcs of comparable mobility were obtained with the above two antigens and antiserum RA I-4; only the reaction of P-4-3-DEAE is shown (Fig. 8) . Likewise, similar results were obtained with antisera S-V and Slack's group D and these two fractions.
Serological comparison of fractions P-4-3, P-3-3, and P-2-DEAE. Fractions P-4-3 and P-3-3, in a concentration of 1 mg/ml, were alternated in the six outer wells of a seven-well
Ouchterlony plate, and antiserum RA 1-4 was placed in the center well. A continuous, hexagonshaped precipitin line without spurs was produced (Fig. 9 ). Similar results were obtained when antisera S-V and Slack's group D were substituted for RA I-4. In additional seven-well plates, fractions P-4-3 (in concentrations of 1 and 5 mg/ml), P-3-3 (1 mg/ml), and P-2-DEAE (5 mg/ml) were alternated in the six outer wells, and antiserum was placed in the central wells. Continuous hexagonshaped precipitin lines were obtained with both RA I-4 and Slack's group D antisera. Thus, even though these three antigenic fractions were tested simultaneously in the same plates at various concentrations, reactions of apparent identity were observed. Subsequent tests with antisera diluted 1:3 failed to alter the precipitin pattern described.
In spite of the close antigenic relationship demonstrated between fractions P-4-3 and P-3-3 and A. bovis antisera by agar double diffusion, the physical properties and chemical composition are significantly different (Table 2) . Even after further purification of these fractions to produce fractions P-3-3-2 and P-4-3-DEAE, no differences in their antigenic relationship were demonstrated, but their properties and chemical composition are even more disparate (Table 3 ).
The differences in chemical composition and physical properties of the fractions ( reactions, the nature of the compound containing the nitrogen was not identified. The determinants of specificity of the antigen may be associated with the nitrogen derivative, the mannose, or both. ACKNOWLEDGMENT We are indebted to A. E. Ritchie for assistance with runs carried out with the model E Spinco centrifuge, and to R. M. Glazier and W. A. Romp for photographing the agar-gel plates.
